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II 
 
ABSTRACT 
 
 
The dynamics and the unpredictable behaviour of a wireless mobile ad hoc 
network results in the hindrance of providing adequate reliability to network 
connections. Frequent route changes in the network relatively introduce incessant 
link failures which eventually degrade TCP performance considerably.  In this 
research, we are going to study the potential improvement of TCP performance 
when Explicit Link Failure Notification is implemented as opposed to the standard 
TCP mechanism. ELFN modifies the ‘slow start’ mechanism that is used in 
standard TCP so that the throughput achieved from the network can be maximized. 
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CHAPTER ONE 
 
INTRODUCTION 
 
Mobile ad hoc network has gained a lot of attention in recent years due to its 
dynamic characteristics and its self-governing behaviour which does not require a fixed 
infrastructure (Abduljalil et al., 2006). Numerous ongoing research are focusing on routing 
protocols for example (Mittal, 2009), (Runcai et al, 2009), (Maan et al., 2011) and (Qian et 
al., 2009). In this project, we are focusing towards the performance of TCP in mobile ad 
hoc networks.  
 
It is unavoidable to use TCP in mobile ad hoc network taking into account the applications 
and services it can provide to the network users. Hence, this project is meant to bring 
forward a specific issue related to TCP congestion control mechanism which is modified so 
that it would give a better performance in mobile ad hoc network. 
1.1. Introduction  
The popularity of wireless network has been growing steadily. Wireless ad hoc networks 
have been popular because they are very easy to implement without using base stations. 
The wireless ad hoc networks are complex distributed systems that consist of wireless 
mobile or static nodes that can freely and dynamically self-organize (Jain, et at., 2002). 
The ad hoc networks allow nodes to seamlessly communicate in an area with no pre-
existing infrastructure. Future advanced technology of ad hoc network will allow the 
forming of small ad hoc networks on campuses, during conferences and even in homes. 
Furthermore, there is an increasing need for easily portable ad hoc networks in rescue 
The contents of 
the thesis is for 
internal user 
only 
75 
 
REFERENCES 
 
Abdule, S. M., & Hassan, S. (2010 ). Divert Failure Route Protocol Based on AODV. 
Network Applications Protocols and Services (NETAPPS), 2010 Second 
International Conference on , p.p 67 - 71. 
Abduljalil, F. M., Bodhe, S. K. (2006). Integrated routing protocol (IRP) for integration of 
cellular IP and mobile ad hoc networks.  Sensor Networks, Ubiquitous, and 
Trustworthy Computing, 2006. IEEE International Conference on , vol.1, no., pp.4 
pp. 
Aditya, K., & Anurag, K. (2005). Performance of TCP congestion control with explicit 
rate feedback. IEEE/ACM Trans. Netw., 13(1), 108-120. 
Allman, M. (1999). TCP Congestion Control, Request for comment 2581. 
Altman, E., Barakat, C., Laborde, E., Brown, P., & Collange, D. (2000). Fairness analysis 
of TCP/IP. Paper presented at the Decision and Control, 2000. Proceedings of the 
39th IEEE Conference on. 
Anjum, F., & Jain, R. (2000). Performance of TCP over lossy upstream and downstream 
links with link-level retransmissions. Paper presented at the Networks, 2000. 
(ICON 2000). Proceedings. IEEE International Conference on. 
Archan, M. (2000). Dynamics of tcp congestion avoidance with random drop and random 
marking queues. University of Maryland at College Park. 
Armaghani, F. R., & Jamuar, S. S. (2008). TCP-MAC Interaction in Multi-hop Ad-hoc 
Networks. 
Bakre, A., & Badrinath, B. R. (1995). I-TCP: indirect TCP for mobile hosts. Paper 
presented at the Distributed Computing Systems, 1995. Proceedings of the 15th 
International Conference on. 
Brakno, L. S., O'Malley, S. W., & Peterson, L. L. (1994). TCP Vegas: new techniques for 
congestion detection and avoidance, ACM SIGCOMM Computer Communication 
Review, Vol. 24, No. 4, pp. 24-35. 
Caceres, R., & Iftode, L. (1995). Improving the performance of reliable transport protocols 
in mobile computing environments. Selected Areas in Communications, IEEE 
Journal on, 13(5), 850-857. 
Chandran, K., Raghunathan, S., Venkatesan, S., & Prakash, R. (2001). A Feedback Based 
Scheme for Improving TCP Performance in Ad-hoc Network. 18th International 
Conference on Distributed Computing Systems 1998 (pp. 34-39). IEEE 2001. 
Chiasserini, C. F., & Meo, M. (2001 ). Improving TCP over wireless through adaptive link 
layer setting. Global Telecommunications Conference, 2001. GLOBECOM '01. 
IEEE , vol.3, no., pp.1766-1770 
76 
 
Chydzinski, A., & Brachman, A. (2010). Performance of AQM Routers in the Presence of 
New TCP Variants. Paper presented at the Advances in Future Internet (AFIN), 
2010 Second International Conference on. 
Douglas, E., C. (2005). Internetworking with TCP/IP (5nd ed.), vol. I: Prentice-Hall, Inc. 
Durresi, A. A., Sridharan, M., Chunlei, L., Goyal, M., & Jain, R. (2001). Congestion 
control using multilevel explicit congestion notification in satellite networks. Paper 
presented at the Computer Communications and Networks, 2001. Proceedings. 
Tenth International Conference on. 
Eshak, N., & Baba, M. D. (2003). Improving TCP performance in mobile ad hoc networks. 
Paper presented at the Communications, 2003. APCC 2003. The 9th Asia-Pacific 
Conference on. 
Fairhurst, G., Samaraweera, N.  K.  G., Sooriyabandara, M., Harun, H., Hodson, K., & 
Donadio, R. (2001). Performance issues in asymmetric TCP service provision 
using broadband satellite. Communications, IEE Proceedings-, 148(2),pp.  95-99. 
Floyd, S., & Fall, K. (1999). Promoting the use of end-to-end congestion control in the 
Internet. Networking, IEEE/ACM Transactions on, 7(4),pp. 458-472. 
Fu, Z., Luo, H., Zerfos, P., Lu, S., Zhang, L., & Gerla, M. (2005). The impact of multihop 
wireless channel on TCP performance. IEEE Transactions on Mobile Computing, 
4(2), pp. 209-221. 
Gerla, M., Sanadidi, M. Y., Zanella, R. W., Casetti, A., & Mascolo, S. (2002). TCP 
Westwood: congestion window control using bandwidth estimation. IEEE Global 
Telecommunications Conference, pp. 1698-1702, 0-7803-7206-9, San Antonio, 
August 2002, IEEE Computer Society,TX. 
Ghanem, T. F., Elkilani, W.  S., & Hadhoud, M.  M. (2009). Improving TCP performance 
over Mobile Ad Hoc Networks using an adaptive backoff response approach. 
Paper presented at the Networking and Media Convergence, 2009. ICNM 2009. 
International Conference on. 
Ghazali, O. (2008). Scaleable and Smooth TCP-friendly receiver-based layered multicast 
protoco. Ph.D. Thesis, Universiti Utara Malaysia  
Hamrioui, S., & Lalam, M. (2011). IB-MAC: Improvement of the backoff algorithm for 
better MAC - TCP protocols interactions in MANET. Paper presented at the 
Programming and Systems (ISPS), 2011 10th International Symposium on. 
Hassan, M., & Jain, R. (2004). High Performance TCP/IP Networking: Concepts, Issues, 
and Solutions: Pearson Prentice Hall. 
Hassan, M., & Raj, J. (2001). TCP performance. Communications Magazine, IEEE, 39(4), 
pp.51-51. 
Holland, G., & Vaidya, N. (1999). Analysis of tcp performance over Mobile Ad-Hoc 
Network. Proceedings of ACM MOBIOM 1999, pp. 257-261 . 
77 
 
Issariyakul, T., Hossain, E. (2009). Introduction to Network Simulator NS2, US:Springer. 
Jain, A., Pruthi, A., Thakur, R. C., & Bhatia, M. P., S. (2002). TCP analysis over wireless 
mobile ad hoc networks. Paper presented at the Personal Wireless 
Communications, 2002 IEEE International Conference on. 
Jiwei, C., Yeng Zhong, L., Gerla, M., & Sanadidi, M. Y. (2006). TCP with Delayed Ack 
for Wireless Networks. Paper presented at the Broadband Communications, 
Networks and Systems, 2006. BROADNETS 2006. 3rd International Conference 
on. 
Jiyong, P., Daedong, P., Seongsoo, H., & Jungkeun, P. (2011 ). Preventing TCP 
performance interference on asymmetric links using ACKs-first variable-size 
queuing. Comput. Commun., 34(6), pp.730-742. 
Johanson, D., Maltz, D. A., & Broch, J. (2001). The Dynamic Source Routing Protocol for 
Mobile Ad Hoc Networks (draft-ietf-manet-dsr-06.txt). Mobile Ad-hoc 
Network(MANET) Working Group, IETF . 
Kai, Z., Neng, W., & Ai-fang, L. (2005 ). A new AODV based clustering routing protocol. 
Wireless Communications, Networking and Mobile Computing, International 
Conference on 2005 , vol 2, pp 728 - 731. 
Lakshman, T.  V., Upamanyu, M., & Bernhard, S. (2000). TCP/IP performance with 
random loss and bidirectional congestion. IEEE/ACM Trans. Netw., 8(5), pp. 541-
555. 
Liang, G., & Matta, I. (2001). The war between mice and elephants. Paper presented at the 
Network Protocols, 2001. Ninth International Conference on. 
Maan, F.; Mazhar, N. (2011). MANET routing protocols vs mobility models: A 
performance evaluation. Ubiquitous and Future Networks (ICUFN), 2011 Third 
International Conference on , vol., no., pp.179-184, 15-17   
Mahbub, H., Raj, J. (2004). High Performance TCP/IP Networking: Concept, Issues and 
Solution. Pearson Prentice Hall. 
Minseok, K., & Sonia, F. (2004). On TCP reaction to Explicit Congestion Notification. J. 
High Speed Netw., 13(2), pp.123-138. 
Mittal, S. & Kaur, P. (2009). Performance Comparison of AODV, DSR and ZRP Routing 
Protocols in MANET'S. Advances in Computing, Control, & Telecommunication 
Technologies, 2009. ACT '09. International Conference on , vol., no., pp.165-168. 
Monks, J. P., Sinha, P., & Bharghavan, V. (2000). Enhancements and Limitations of TCP-
ELFN for Ad Hoc Networks. Proceedings of The 7th International Workshop on 
Mobile Multimedia Communications. MoMuC 2000. 
 
78 
 
Nehme, A., Phillips, W., & Robertson, W. (2003). The effect of reordering and dropping 
packets on TCP over a slow wireless link. Electrical and Computer Engineering, 
2003. IEEE CCECE 2003. Canadian Conference on , vol.3, no., pp. 1555- 1558. 
Postel, J. (1981). Transmission Control Protocol. RFC 0793, Internet Engineering Task 
Qian Feng, Zhongmin Cai, Jin Yang, & Xunchao Hu. (2009). A Performance Comparison 
of the Ad Hoc Network Protocols. Computer Science and Engineering, 2009. 
WCSE '09. Second International Workshop on , vol.2, no., pp.293-297. 
Romanowicz, E. (2008). TCP with Explicit Link Failure Notification. Department of 
Computer Science, York University, Toronto, Canada ,page  1-9. 
Rung-Shiang Cheng, Hui-Tang Lin, Wen-Shyang Hwang, & Ce-Kuen Shieh. (2005). 
Improving the ramping up behavior of TCP slow start. Advanced Information 
Networking and Applications, 2005. AINA 2005. 19th International Conference 
on , vol.1, no., pp. 807- 812. 
Saad, B., & Nitin, H. V. (2005). "De-randomizing" congestion losses to improve TCP 
performance over wired-wireless networks. IEEE/ACM Trans. Netw., 13(3), pp. 
596-608. 
Sangtae Ha, I.  R., & Lisong Xu (2008). CUBIC: A New TCP-Friendly High-Speed TCP 
Variant. ACM SIGOPS Operating Systems Review - Research and Developments 
in the Linux Kernel, pp. 64–74. 
Seungwan, R., & Chulhyoe, C. (2004). PI-PD-Controller for Robust and Adaptive Queue 
Management for Supporting TCP Congestion Control. Paper presented at the 
Proceedings of the 37th annual symposium on Simulation. 
Stangel, M., & Bharghavan, V. (1998). Improving TCP performance in mobile computing 
environments. Paper presented at the Communications, 1998. ICC 98. Conference 
Record.1998 IEEE International Conference on. 
Shinde, S. C., Vinayak, J., Ramesh, N., & J, H. (2010). AN EXPLICIT LINK FAILURE 
NOTIFICATION WITH DYNAMIC CACHE UPDATE SCHEME TO 
IMPROVE TCP PERFORMANCE USING DSR PROTOCOL IN MANET. 
Suneel C Shinde et. al. / International Journal of Engineering Science and 
Technology Vol. 2(6), 2010,  pp. 2263-2271. 
So-In, C., Jain, R., & Dommety, G. (2009). PETS: Persistent TCP using Simple Freeze. 
First International Conference on Future Information Networks, October 14-17, 
Beijing, China . 
Stevens, W. (1997). TCP Slow Start, Congestion Avoidance, Fast Retransmit, Request for 
comment 2001. 
Wing-Chung, H., & Law, K.L.E. (2008). Simple slow-start and a fair congestion 
avoidance for TCP communications.  Electrical and Computer Engineering, 2008. 
CCECE 2008. Canadian Conference on , vol., no., pp.001771-001774. 
79 
 
Xu, S., & Saadawi, T. (2001). Revealing and solving the TCP instability problem in 
802.11 based multi-hop mobile ad hoc networks. Vehicular Technology 
Conference, 2001. VTC 2001 Fall. IEEE VTS (pp. vol. (1), pp 257-261). IEEE. 
Y. Iwanaga, K. D. Cavendish, M.Tsuru, and Y. Oie. (2010). High-speed tcp performance 
characterization under various operating systems. Paper presented at the 5th 
International Conference on Mobile Computing and Ubiquitous Networking 
(ICMU 2010), Seattle USA. 
Yousefi'zadeh, H., Habibi, A., & Furmanski, W. (2006). A Performance Comparison 
Study of End-to-End Congestion Control Protocols over MIMO Fading Channels. 
Paper presented at the Military Communications Conference, 2006. MILCOM 
2006. IEEE. 
Zhai, H., Wang, J., Chen, X., & Fang, Y. (2006). Medium access control in mobile ad hoc 
networks: challenges and solutions. Wireless Communications and Mobile 
Computing, 6(2), 151-170. 
Zhang, L. (1986). Why TCP timers don't work well. Paper presented at the Proceedings of 
the ACM SIGCOMM conference on Communications architectures \&amp; 
protocols. 
Zhou, J., Shi, B., Zou, L., & Shen, H. (2003). Improve TCP Performance in Ad Hoc 
network. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
